Introduction
The HER family is comprised of four distinct receptors: EGFR, HER-2, HER-3 and HER-4. These are transmembrane receptors composed of an extracellular ligand-binding domain and a cytoplasmic region with enzymatic activity (1, 2) . The four HER receptors share an overall structure of two cysteinerich regions in their extracellular region, and a kinase domain flanked by a carboxy-terminal tail with tyrosine autophosphorylation sites. HER-3 is devoid of intrinsic kinase activity, whilst HER-2 seems to have no direct ligand (1, 3, 4) . Hetero-or homo-dimerism is required for initiation of downstream signalling pathways; since HER-2 has no direct ligand it often heterodimerizes with EGFR or HER-3. Ten possible homo-and hetero-dimers can be formed from HER receptors (1) .
To date, ten genes have been identified to encode ligands to this group of receptors. Epidermal growth factor, amphiregulin and transforming growth factor · bind EGFR specifically, whilst neuregulins bind HER-3 and HER-4. Betacellulin, epiregulin bind to both EGFR and HER-4. To transduce signals the receptors need to either hetero-or homo-dimerize following ligand binding (5) . HER receptor phosphorylation activates a cascade of signalling pathways that include controlling apoptosis via PKB/Akt and mitogenic pathways via Ras/MAP kinase (6) . These routes are thought to regulate cellular growth differentiation, proliferation, angiogenesis and apoptosis. Overexpression of HER family receptors is associated with reduced survival in patients with breast, colon and ovarian cancer (7) (8) (9) (10) (11) .
Development of humanized antibodies against EGFR and HER-2, have enabled inhibition of the downstream signalling pathways, consequently leading improved survival in these patients (12, 13) . EGFR inhibition by humanised anti-EGFR antibodies (e.g. cetuximab) have shown positive results in head and neck cancers in combination with radiotherapy. Trastuzumab (herceptin) is a fully humanized monoclonal antibody that binds to the extracellular domain of HER-2 and has anti-proliferative activity against breast cancers overexpressing HER-2 (14) .
Neuroendocrine tumours (NETs) have common histopathological characteristics such as expression of chromogranin and synaptophysin (15) . These tumours can have a varied clinical behaviour ranging from indolent to aggressive, though the majority are slow growing (16) . Knowledge regarding the tumour biology of these tumours is relatively unknown. These tumours are known to express somatostatin receptors which have provided a role for biotherapy with somatostatin analogues. Recent studies have shown that HER family of receptors play a critical role in progression of various cancers (17) (18) (19) . Previous studies have demonstrated the expression of EGFR in NETs (13, 20) . We have previously demonstrated high EGFR expression in NETs (13 (21) (22) (23) (24) . Expression of all four members of the HER family has not been studied in NETs. The aim of this study was to evaluate the expression of HER-2, HER-3 and HER-4 in neuroendocrine tumours by immunohistochemistry and its association with EGFR and to correlate the extent of expression with clinicopathological parameters.
Materials and methods
Consecutive samples of formalin-fixed paraffin-embedded tumour tissue were available from 82 patients with a histologically confirmed diagnosis of NET. Of these 58 were from surgical resection from patients who had undergone an operation and tumour resection. A further 24 samples were from tumour biopsies. The study population included all major NET subtypes including: foregut, mid-gut, hindgut, bronchial, paraganglioma and NETs of unknown primary (see Table I ). Demographic details, including tumour stage and survival data. Tumours were graded where possible using the TNM system proposed by ENETS consensus group (25, 26) . Using this classification low grade tumour was regarded as mitotic count <2 per 10 high power fields (HPF) and Ki67 ≤2%, intermediate grade as having a mitotic count 2-20 per 10 HPF and Ki67 3-20% and high grade as mitotic count of >20 per 10 HPF and Ki67 >20. This classification currently only encompasses gastroenteropancreatic NETs, for the purposes of this study we expanded this to classification to include other types of NETs. The study was performed under the auspices of the Royal Free Hospital Pathology Department ethics recommendation for the studies of archive histology samples.
Three micrometer sections of tumour tissue were dewaxed three times in xylene and rehydrated in ethanol. Endogenous peroxidase activity was blocked by incubation in 1% hydrogen peroxide, diluted in acetone, for 10 min. For HER-3 antibody studies the samples were submersed in 10 mM citric acid (pH 6.0) and microwaved at 600 watts for 20 min; then allowed to cool at room temperature. Slides for HER-2 and HER-4 studies were immersed in 10 mM citric acid (pH 6.0) and placed water-bath at 98˚C for 45 min, following which they were removed and cooled at room temperature for 20 min. Specimens were washed in TBS-Tween and pre-incubated with avidin and biotin diluted in 3% normal serum for 20 min each.
Primary antibodies comprised: anti-HER-2 polyclonal rabbit (Dako Ltd), anti-HER-3 rabbit monoclonal antibody (Dako Ltd), anti-HER-4 polyclonal rabbit antibody (Labvision Ltd). Sections were then incubated with anti-HER-2 antibody (1:250), anti-HER-4 antibody (1:50) and anti-HER-3 antibody (1:50) were incubated for 1 h. Biotinlyated 2 antibody was used with slides incubated for 30 min. The antibody binding was visualized by using a DAB peroxidase substrate kit. The sections were counterstained with Mayer's haematoxylin for 3.5 min.
Negative controls included substitution of the primary antibody via normal sera. Breast cancer tissue was used for positive controls and determining optimal pre-treatment conditions for all antibodies.
The EGFR studies (13) were reviewed in this study in order to correlate EGFR immunohistochemical findings with those of HER-2, HER-3 and HER-4. This study initially studied 98 NET specimens, however due to limited availability of tissue we performed immunohistochemical analysis of HER-2, HER-3 and HER-4 in 82 of these cases. The remaining 16 cases which had been stained for EGFR were excluded from our analysis.
Histological interpretation. Tumours were classified according to their site of origin, level of differentiation and their initial mitotic index. Two examiners (R.S. and J.W.) performed the interpretation of immunohistological staining for the antibodies studied independently of each other. Any discordant results were then reviewed together to reach agreement or determine an average value for disputed sections. The same score was achieved independently in 94% (77/82) of cases. Scoring was based on intensity of staining of tumour cells whereby 0, negative; 1, weakly positive; 2, moderate; 3, strongly positive. Then extent of tumour staining was also score, whereby 10 random high power fields were assessed and the average percentage of positive staining cells in which: 1, <25%; 2, 25-75% and 3, >75%. The product of the density of staining and the percentage of tumour cells staining positive was used as the histological score, giving final values of 0, 1, 2, 3, 4, 6, 9. Scores of ≤2 were counted as negative and scores >2 were classed as positive (13, 27) . 
Results
Tumour tissue was available from 82 patients with a histologically confirmed diagnosis of NET. All 82 cases were negative for HER-2 (see Fig. 1 ). Seven (8.5%) cases were positive for HER-3 staining; the staining in these cases was predominantly cytoplasmic with some membranous staining. The surrounding stroma showed weak or negative staining in the majority of cases. Of the seven cases that were positive, 3 were paragangliomas, 3 foregut and one mid-gut tumour (see Table II ). Seventy-five (91.5%) cases were positive for HER-4 antibody, with staining predominantly membranous and cytoplasmic (see Fig. 2 ). Seventy-one of the 82 (86.5%) cases reviewed for EGFR staining were positive for EGFR expression, the staining of which was predominantly cytoplasmic and perinuclear.
Four cases overexpressed EGFR only, 10 cases expressed only HER-4 receptor and none expressed HER-3 receptor alone. EGFR, HER-3 and HER-4 were all expressed in 6 cases. HER-3 was positively correlated with survival using Spearman correlation (r=0.272, p=0.05). EGFR, HER-2 and HER-4 had no significant correlation with survival (see Table III ).
Discussion
Neuroendocrine tumours occur throughout the body and have a diverse biology ranging from indolent to highly aggressive (16) . To date there have been no studies undertaken examining expression of all HER family of receptors in NETs. We have demonstrated that HER-2 is not expressed in NETs, whilst HER-4 is frequently and HER-3 infrequently expressed in NETs. Furthermore, HER-3 is correlated with better prognosis.
Studies examining EGFR expression have noted significantly worse prognosis in NETs expressing EGFR rather than those that do not (20) . This does not appear to be the case in our study, with over >80% of cases expressing EGFR and these tumours did not show a worse prognosis. A Thymic  1  1  2  3  0  0  0  1  2  3  Thyroid  4  4  1-3  1-3  0  0  0  3  1-3  2-3  Bronchial  4  4  2  2  1  3  1  4  2-3  2-3  Gastric  3  3  2  1-3  0  0  0  3 
Table II. Immunohistochemistry for EGFR, HER-3 and HER-4 in 82 neuroendocrine tumours. -----------------------------------------------------------------------------------------------------EGFR HER-3 HER-4 -------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------
No, is number of cases in total; +, case is the number of cases with positive uptake (i.e. score >2). Intensity scored 1-3, where: 1, weak; 2, moderate and 3, intense. Area scored 1-3, where 1, <25%; 2, 25-75% and 3, >75%. HER-2 receptor expression has been demonstrated in intestinal but not gastric NETs by Yamaguchi et al (23) , this study used the same Dako antibody though the secondary antibody and duration of incubation of primary antibody is not reported. The reasons for this difference in staining are unclear and may be related to the age of the slides or the scoring system used to interpret the slides. Other studies have also demonstrated variable expression of HER-2 in NETs using immunohistochemical and PCR techniques (21, 22, 29) . The negative expression of HER-2 immunohistochemistry in this study could be due to a number of reasons; possibly related to low levels of receptor expression in these specimens which were below the threshold of detection by immunohistochemistry.
-----------------------------------------------------------------------------------------------------
HER-2 was not expressed in any of the cases, which is of interest since cell line studies have shown that HER-2 is the preferred dimer partner for other receptors (30) . Even though HER-2 does not act as a receptor for EGF, it can decrease the rate of ligand dissociation from the cognate receptor, EGFR (31) . This results in stronger and more prolonged activation of the EGFR signalling network (2) . Furthermore, in cell line studies, mitogenic signaling appears to be stronger via HER-2 containing heterodimers than any other heterodimers (2, 32) . All these factors lead to a stronger more prolonged signaling response following activation of HER-2 receptors.
Wang et al, demonstrated HER-3 expression in 6 of 98 (6%) malignant GEP NETs (22) . Our study identified HER-3 positivity in 6% of GEP NETs (3 of 52 cases) and 50% (3 of 6 cases) of paragangliomas. This confirms that HER-3 is infrequently expressed in NETs. HER-3 expression correlated with improved survival, however, only 7 cases showed expression of HER-3, furthermore 3 of these cases were in paragangliomas which generally have a more indolent course than GEP NETs. HER-3 overexpression has been associated with improved outcome with breast cancer in one study (33) . Further HER-3-positive cases need to be evaluated to confirm whether this is a consistent finding. Interestingly, 50% of paraganglioma cases expressed HER-3, again a study of more paraganglioma cases need to be performed to confirm this finding.
Studies performed looking at HER family of receptor expression in other cancers, have often found that HER-4 expression is associated with positive prognostic survival. This study has not demonstrated expression of HER-4 to be associated with an improved prognosis. Currently the role of HER-4 in NET biology is not understood and with further understanding of its interactions with other members of the HER family and downstream signaling effects we may be able to develop better understanding.
Co-expression of EGFR receptors appears to vary from different tumour groups; however, EGFR and HER-4 coexpression was identified in 2.3% of colonic adenocarcinoma (11) and 13.6% of non-small cell lung carcinomas (7) . There is currently no evidence that co-expression of EGFR and HER-4 is associated with alteration in prognosis.
Expression of only a single receptor was uncommon, with only 4 cases expressing EGFR alone and HER-4 was expressed in ten cases. One reason for this may be that receptor expression may have been below the threshold level of immunohistochemical detection. HER-3 was not expressed alone, which is unsurprising since it has no intrinsic tyrosine kinase activity (34) . Co-expression of EGFR and HER-4 has been demonstrated in other tumours (7) . HER-2 co-expression is often linked with HER-3 expression, in this study HER-2 expression was absent in these tumour samples and HER-3 was rarely expressed. This is the first study to demonstrate co-expression of the EGFR family of receptors. Importantly the high expression of EGFR may provide a possible therapeutic target for anti-EGFR therapy with chimeric monoclonal antibodies (35) . Phase II clinical studies are underway looking at Gefitinib in NETs, there preliminary results showed initial progressionfree survival, however, no objective clinical response (36, 37) . It has been postulated that the low response is due to the fact that other signaling pathways are activated following inhibition of EGFR receptor (38) . There is evidence that strength of EGFR expression does not correlate to response to EGFR inhibitors (39), furthermore, EGFR-negative tumours have been shown to be responsive to EGFR inhibitors (38, 40) .
With the development of HER-4 monoclonal antibody therapy, the high expression of this receptor in NETs may provide a possible role for molecular targeted therapy. However, the actual role of HER-4 in tumourogenesis is unclear, with some evidence supporting its role as an antitumoural receptor, with overexpression associated with positive prognostic value (17, 41) . Studies in breast cancer have shown conflicting results with some studies associating HER-4 expression with short survival and others with longer survival (10, 17, 42) . Further study needs to be done to understand the downstream signaling that occurs following activation of HER-4. Table III . Correlation for a cohort of 82 patients with neuroendocrine tumours. -
-------------------------------------------------HER-1 HER-3 HER-4 -------------------------------------------------
------------------------------------------------
In conclusion, this study demonstrates that EGFR, HER-3, HER-4 are expressed in neuroendocrine tumours. HER-3 expression was associated with better survival, though the number of cases was small and also paragangliomas have a different prognosis than GEP NETs. The lack of expression of HER-2 may in part explain the less aggressive clinical course of these tumours. Recent development of pan-HER receptor inhibitors may provide possible therapeutic options in NETs.
